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Abstract 
Chronic alcohol ingestion is known to increase the generation of reactive oxygen species (ROS), 
thereby leading to liver damage. Antioxidant enzymes act individually or in combination to reduce or counter 
the effect of these ROS. Chronic administration of alcohol at (40% v/v, 1ml/100g), for 6 weeks showed a 
significant (p<0.05) elevated levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), 
alkaline phosphatase (ALP), and total bilirubin (TB). There was also a significant (p<0.05) decreased levels of 
catalase, glutathione peroxidase, glutathione reductase and superoxide dismutase compared to control rats. Pre-
treatment of rats with 200, 400 mg/kg body weight of aqueous leaf extract of Ziziphus mauritiana  or 100 mg/kg 
silymarin resulted in a significant (p<0.05) decreased levels of ALT, AST, ALP, and TB with levels of catalase, 
glutathione peroxidase, glutathione reductase and superoxide dismutase showing a significant (p<0.05) increase 
compared to group administered alcohol only. Histopathology of rat liver administered with alcohol only 
resulted in severe necrosis, mononuclear cell aggregation and fatty degeneration in the central and mid zonal 
areas which was a characteristic of a damaged liver. Pre-treatment with the aqueous extract of Ziziphus 
mauritiana or silymarin reduced the morphological changes that are associated with chronic alcohol 
administration. The presence of tannins, saponins and phenolic compounds observed in the plant extract could 
be responsible for the observed effects of decreasing the levels of injured tissue marker and lipid peroxidation.  
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Introduction 
 
Chronic alcohol consumption leads to several metabolic disorders including hepatic and extra hepatic 
diseases (Lieber, 2000). Although excessive acute or chronic ingestion of alcohol represents a serious hazard to 
health, alcohol is still the second most widely used psychoactive substances in the world, after caffeine 
(Puzziferri et al., 2000). 
About 80-90% of ingested alcohol is metabolized in the liver, where alcohol is oxidized to 
acetaldehyde (Kim and Shin, 2002; Pronko et al., 2002). The process is catalyzed by three different enzymes: 
alcohol dehydrogenase (ADH), microsomal ethanol metabolizing system (MEOS) and acetaldehyde 
dehydrogenase (ALDH) (Lieber, 2000). Since acetaldehyde is much more toxic than alcohol, it is associated 
with a lager number of the metabolic abnormalities in liver disease induced by alcohol (Vidal et al., 1990; 
Quertemont, 2004).  
Although the pathogenesis of alcohol-induced liver disease remains the subject of debate (Freidman, 
1983), one factor that has been suggested as playing a central role in many pathways of alcohol-induced 
damage, and which has been the focus of much research is the excessive generation of molecules called free 
radicals, which can result in a state called oxidative stress (Wu and Cederbaum, 2003). Numerous studies have 
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indicated that excessive ethanol intake induces the mass production of free radicals in the body, which are 
considered to be associated with alcoholic liver disease (Ishii et al., 1997). Furthermore, a number of 
experimental studies demonstrated that either acute or chronic alcohol administration to experimental animals 
increases the formation of lipid peroxidation products, such as malondialdehyde (MDA), and decrease liver 
tissue levels of antioxidants, such as glutathione, ascorbic acid and antioxidant enzymes (Nadro et al., 2006; Das 
and Vasudevan, 2006). Despite the important progress made in understanding the pathogenesis of alcoholic liver 
diseases current therapies for this disease are not effective. Recent research has focused on the development of 
antioxidant drugs that successfully correct the fundamental cellular disturbances resulting from excessive 
alcohol consumption (Saravanan et al., 2003; Zhou et al., 2003).  
Ziziphus mauritiana belongs to the family Rhamnaceae (Michel, 2002). The ripe fruit of the plant are 
mostly consumed raw, but are sometimes stewed, while young leaves are eaten in Indonesia (Morton, 1987). 
The leaves are applied as poultices and are helpful in liver troubles, asthma and fever (Morton, 1987; Michel, 
2002). Recently the hepatoprotective activity of ethanol extract of Ziziphus mauritiana leaf against CCl4-
induced liver damage in rats and the antidiarrhoea activity of the methanol root extract were reported (Dahiru et 
al., 2005; Dahiru et al., 2006). Based on the knowledge that antioxidants of plant origin are capable of 
modulating the effect of oxidative stress. The aims and objectives of this study was to evaluate the antioxidant 
effect of the aqueous extract of Ziziphus mauritiana leaf on chronic alcohol-induced hepatotoxicity. 
 
 
Materials and Methods 
Plant Preparation 
 
Fresh leaf of Ziziphus mauritiana was collected 20km along Yola-Mubi road in the month of July 
2005. Identification of the plant material was done by Bristone Basiri at the department of Botany Federal 
University of Technology, Yola. A voucher specimen of the plant has been deposited (BCDD-03b) in the 
Department of Biochemistry Federal University of Technology, Yola. The leaves were shed dried under room 
temperature at 30 ± 2oC for 7 days. The dried material was made into powder using mortar and pestle and sieved 
with Endicott test sieve 0.3mm (Endicott Ltd, London). 100g of the powdered plant material was steeped in 600 
ml of distilled water and placed in water bath for 3 hours at 90oC. The mixture was allowed to cool to room 
temperature and filtered. The filtrate was later freeze-dried yielding a residue corresponding to 22.56 ± 
1.72g/100g. 200 or 400 mg/kg body weight (bw) of the extract was used to pre-treat rats 30 min before alcohol 
administration.  
 
Experimental Design 
 
Thirty six male Wistar albino rats weighing between 100-120 g were purchased from the animal house 
of Faculty of Medical Sciences University of Jos. The animals were kept under standard condition of 12/12 h 
dark light circle and were fed with standard feed (Grand Cereals and Oil Mills, Ltd, Jos) and water ad libitum. 
The animals were allowed to acclimatize for two weeks before being distributed into different groups of six rats 
each and treated for six weeks as follows: 
Group I – rats in addition to normal diet were given 1ml/100g bw normal saline. Group II – rats in 
addition to normal diet received 40% alcohol solution (v/v, 1ml/100g bw, p.o). Group III, IV and V in addition 
to normal diet were pretreated with either 200, 400 mg/kg bw aqueous extract of Z. mauritiana leaf or 100 
mg/kg bw silymarin (reference hepatoprotective material) respectively, 30 min before feeding rats with 40% 
alcohol solution (v/v, 1ml/100g bw).Group VI – rats were administered 400 mg/kg bw aqueous extract of Z. 
mauritiana in addition to normal diet. 
 
Biochemical estimations 
 
At the end of the treatment period, rats were sacrificed under light ether anesthesia and blood collected 
via the ocular vein without the use of anticoagulant. The blood was allowed to stand for 10 min before being 
centrifuged at 2,000 rpm for 10 min to obtain serum for analysis. The levels of alkaline phosphatase (ALP), 
alanine aminotransferase (ALT), aspartate aminotransferase (AST) and total bilirubin (TB) were assayed using 
Randox clinical test kits (Randox Ransod, Laboratories, Ltd U.K.). Rats were dissected, liver removed and 
placed on ice bath. 1g portion of the liver was used to prepare homogenate of the liver (10%) in ice cold 
potassium chloride (KCl) solution (1.15% w/v), using Teflon homogenizer. The homogenate was centrifuge at 
4000g for 10 min to remove nuclear fraction. The supernatant was used for the estimation of antioxidant 
enzymes glutathione reductase, glutathione peroxidase and superoxide dismutase and catalase using test kits 
(Randox, Ransod Ltd, UK).  
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Histopathological evaluation 
 
Liver tissue was collected for histopathological analysis; a portion of the liver was fixed in 10% formalin, 
processed using routine histology procedures and embedded in liquid paraffin. The liver tissue was then cut into 5 
µm sections and mounted on a slide. The samples were stained with hematoxylin and eosin for histopathological 
examination. 
 
 
Results 
  
Table 1 represents the result of pre-treatment on enzyme and non-enzyme markers of tissue damage. 
Exposure of rats to alcohol for six weeks showed significant (p<0.05) elevated levels of AST, ALT, ALP, and TB. 
Pre-treatment of rats with 200 or 400mg/kg bw aqueous extract of Ziziphus mauritiana leaf showed a significant 
(p<0.05) dose-dependent decreased levels of AST, ALT, ALP, and TB.  
 Table 2, represents the result of pre-treatment with or without aqueous extract of Ziziphus mauritiana on 
hepatic antioxidant enzymes. Ingestion of alcohol only by rats resulted in a significant (p<0.05), decreased levels 
of glutathione reductase, glutathione peroxidase, catalase and superoxide dismutase. Pre-treatment of rats with the 
extract of Ziziphus mauritiana raised significantly (p<0.05) the levels of these enzymes. 
 Histopathological sections of normal liver (Figure 1) show structural integrity without necrosis, 
inflammation, mononuclear cell aggregation, thrombus or fatty degeneration. Liver of rat ingested with chronic 
alcohol for 6 weeks (figure 2) reveals severe necrosis, general and focal inflammations, cytoplasmic 
vacuolization, mononuclear cell aggregation and fatty degeneration in the central and mid zonal areas, which 
confirms the severity of damaged liver due to chronic alcohol ingestion. Liver of rats pre-treated with aqueous 
extract of Ziziphus mauritiana or silymarin (figures 3, 4 and 5 respectively) showed reduced formation of 
necrosis, inflammation, mononuclear cells aggregation and fatty degeneration to about the pathology of a normal 
liver tissue. 
 
 
Table 1: Effect of Pre-treatment with Ziziphus mauritiana aqueous leaf extract on serum markers of tissue 
damage in chronic alcohol fed rats 
 
 AST (U/L) ALT (U/L) ALP (U/L) TB (mg/dl) 
Normal 36.04 ± 2.88   22.76 ± 1.77 921.18 ± 28.94 0.012 ± .00 
Alcohol 59.14 ± 4.55d 38.30 ± 2.23 2168.93 ± 104.95d 0.635 ± 0.03d 
Zm 200mg/kg + Alc 46.16 ± 2.74e 31.02 ± 3.09e 1731.95 ± 142.05 e 0.045 ± 0.07e 
Zm 400mg/kg + Alc 36.16 ± 2.11ef 26.00 ± 2.10ef 1349.71 ± 145.59 ef 0.140 ± 0.01ef 
Sily 100mg/kg + Alc 36.72 ± 1.90ef 24.94 ± 1.17ef 1268.31 ± 84.52 ef 0.097 ± 0.04ef 
Zm 400mg/kg  34.24 ± 2.14 20.88 ± 1.82 945.35 ± 36.71 0.011 ± 0.01 
Results are Mean ± S.D, (n = 5). dSignificantly higher compared to control group (p<0.05). eSignificantly lower 
compared to experimental group (p<0.05). fSignificantly lower compared to group pretreated with 200 mg/kg 
bw extract.  
 
 
Table 2: Result of pre-treatment with or without aqueous extract of Ziziphus mauritiana leaf extract on hepatic 
antioxidant enzymes 
 
Treatment 
GR 
(U/mg liver) 
GPx 
(U/mg liver) 
SOD 
(U/mg liver) 
CAT 
(U/mg liver) 
Normal 55.58 ± 2.72 37.94 ± 3.14 10.35 ± 1.30 66.68 ± 3.96 
Alcohol 28.53 ± 1.28α 17.78 ± 2.18 α 3.69 ± 1.00 α 38.83 ± 1.47 α 
Zm 200mg/kg + Alc 38.52 ± 3.14 β 26.86 ± 1.53 β 6.10 ± 1.24 β 48.93 ± 1.99 β 
Zm 400mg/kg + Alc 47.14 ± 3.99 βc 31.07 ± 2.40 βc 9.17 ± 1.20 βc 58.90 ± 1.52 βc 
sily 100mg/kg + Alc 49.49 ± 3.27 βc 34.52 ± 3.18 βc 8.97 ± 1.32 βc 55.08 ± 1.08 βc 
Results are Mean ± S.D, (n = 5). αSignificantly lower than control (p<0.05).  βSignificantly higher compared to 
experimental group (p<0.05). cSignificantly higher compared to group pretreated with 200 mg/kg bw extract 
(p<0.05). 
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Discussion 
 
Reactive oxygen species (ROS) are highly reactive intermediates generated during ethanol oxidation 
via CYP2E1 that contributes to ethanol-induced liver injury (Hoek and Pastorino, 2002; Jaeschke et al., 2002). 
In addition the increased formation of reactive oxygen species, such as hydrogen peroxide (H2O2) and 
superoxide anion (O2•) have been implicated as a cause of liver injury in various forms of chronic liver disease 
including alcoholic liver diseases (Parola and Robino, 2001). Reactive oxygen species are highly reactive and 
can damage lipids, proteins and DNA (Arteel, 2003). 
Chronic alcohol administration was observed to cause marked injury to the liver cells of rats. Serum 
bilirubin and activities of AST and ALT are the most sensitive tests employed in the diagnosis of hepatic 
diseases. Increased level of alkaline phosphatase has been attributed to the damaged structural integrity of 
hepatic cells because the enzyme alkaline phosphatase is located in the cytoplasm and is released into the 
circulation after cellular damage (Sallie et al., 1991). If injury involves organelles, such as mitochondria then the 
soluble enzymes such as AST compartmented will also be similarly released indicating membrane damage 
(Rajagopal et al., 2003). Previous reports have shown that exposure of hepatocytes to ethanol perturbs the 
membrane structure and functions thereby increasing the leakage of AST (Rajakrishnan and Menon, 2001). 
Bilirubin, an endogenous organic anion binds reversibly to albumin and it is transported to the liver, and then 
conjugated with glucuronic acid and excreted in the bile. Hepatobilliary disease is indicated when bilirubin 
fraction exceeds normal (Rosen and Keefe, 1998). Increased bilirubin content in serum reflects the 
pathophysiology of the liver. Therefore, hyperbilirubinaemia is one of the most sensitive and useful test to 
substantiate the functional integrity of the liver and severity of necrosis. It measures the binding, conjugating 
and excretory capacity of hepatocytes that is proportional to the erythrocytes degradation rate (Singh et al., 
2005). An increased level of total bilirubin reflects depth of jaundice and increased aminotransferases and 
alkaline phosphatase were the clear manifestation of cellular leakage and loss of functional integrity of the cell 
(Saroswat, 1993). Rats pre-treated with aqueous extracts of Ziziphus mauritiana leaf prior to alcohol ingestion 
resulted in a significant decreased levels of AST, ALT, ALP, TB and UA in a dose dependent manner compared 
to rats treated with alcohol only. This indicates that pre-treatment with the aqueous extract of Ziziphus 
mauritiana leaf prior to ethanol administration might have protected both plasma membrane and liver cells 
against membrane damage due to alcohol toxicity and thereby, decreasing the leakage of serum enzyme markers 
into the circulation. The low levels of the enzymes are a reflection of protection conferred against the hepatic 
damage caused by the hepatotoxin (Vogel, 2002). Ingestion of the highest dose of aqueous extracts of Ziziphus 
mauritiana leaf only by rats did not show any significant difference in AST, ALT or ALP enzymes compared to 
normal rats. This is an indication that the extract (doses used) had no adverse effect on the plasma membrane or 
organelle membranes of rats. It is possible that pre-treatment prior to alcohol administration allows the active 
principle in the extract to reach its target site or the extract might have inhibited the absorption of alcohol from 
the stomach to the liver. It is also possible that pre-treatment of rats with the extract prior to alcohol 
administration boosted the antioxidant capacity of the rats before alcohol ingestion. Decreased levels of serum 
AST, ALT, ALP and total bilirubin in rats pretreated with methanol extract of Ziziphus mauritiana leaf prior to 
CCl4 toxicity had been reported (Dahiru et al., 2005). 
Decrease activity of superoxide dismutase, catalase and glutathione peroxidase is very important 
because it may lead to breakdown in the antioxidant barrier. Superoxide dismutase catalysis the reaction of 
superoxide anion radicals (O2•) dismutation to hydrogen peroxide (H2O2), whereas catalase degrades H2O2 into a 
molecule of oxygen and water (McCord, 2000; Saravanan et al., 2003). Superoxide ion (O2•) and hydroxyl 
radicals are known to cause marked injuries to the surrounding tissues and organs. Therefore removing 
superoxide ion and hydroxyl radicals is probably one of the most effective defense mechanisms against a variety 
of diseases. Lowered activities of superoxide dismutase, catalase and glutathione peroxidase will result in the 
accumulation of these highly reactive free radicals leading to deleterious effects such as loss of cell membrane 
integrity and membrane function (Sheela and Angusti, 1995; Krishnakantha and Lokesh, 1993). Oxidant 
scavenging at the intracellular level within the cytosol appears to rely on glutathione peroxidase for elimination 
of low molecular levels of hydroperoxides and lipid peroxidation (Suttorp et al., 1986). Decreased level of 
glutathione peroxidase in the liver of rats that ingested alcohol could be due to either free radical dependent 
inactivation of enzyme or depletion of its co-substrates, that is GSH and NADPH. Catalase activity was 
decreased in alcohol exposed rats which could possibly be due to loss of NADPH, or generation of superoxide, 
or increased activity of lipid peroxidation or combination of all (Chandra et al., 2000; Das and Vasudevan, 
2005). Pretreatment of rats with aqueous extract of Ziziphus mauritiana leaf prior to alcohol ingestion resulted 
in significant increased levels of glutathione reductase, glutathione peroxidase, superoxide dismutase and 
catalase compared to rats that ingested alcohol only. Increased levels of these antioxidant enzymes due to pre-
treatment of rats with aqueous extract of Ziziphus mauritiana leaf indicates that the extract contain compounds  
that converted free radicals to more stable products or  due to direct  stimulatory  effect of  the extract  on   the 
antioxidant enzymes studied. 
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Figure 1: Histology of normal liver tissue from control rat 
liver  (H & E; x650) 
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Figure 2: Liver tissue of rat administered alcohol only showing  
          periportal hepatic necrosis, mononuclear cellular   
aggregations (Mn) and presence of scattered megalocytes and 
multinucleated hepatocytes (arrows) [note presence of  
thrombus in the periportal vein](H & E; x650) 
 
 
 
Figure 3: Liver tissue of rat pre-treated with 200 mg/kg bw 
aqueous extract of Ziziphus mauritiana leaf showing an 
apparently normal liver with few scattered hepatocytes with 
vacuoles and pyknotic nuclei (arrows) (H & E; x650) 
 
 
 
 
Figure 4: Liver tissue of rat  pre-treated with 400 mg/kg bw 
aqueous extract of Ziziphus mauritiana leaf showing an 
apparently normal liver with a focal area of mild mononuclear 
periportal cell aggregate (arrow)(H & E; x650 
 
 
 
  
 
Figure 5: Liver tissue of rat pre-treated with silymarin before 
alcohol administration showing an apparently normal organ 
with very few hepatocytes with tiny cytoplasmic vacuoles 
(arrows) (H& E; x650
Histopathological changes observed in the liver of alcohol treated rats were predominantly in the 
centrilobular region having reduced oxygen perfusion (Sakar et al., 1995). The development of alcoholic liver 
disease may progress as a function of the rate of cell death over the rate at which the damage can be repaired. 
This would particularly be the case in processes where necrosis is the predominant mode of cell death, as 
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opposed to programmed cell death (Young et al., 2006). Morphological changes in fat accumulation were also 
observed in rats fed alcohol only. Chronic alcohol consumption exhibited typical signs of fatty liver, with 
accumulations in fat droplets throughout. It is known that fat accumulation in the liver is a multi-factorial 
phenomenon thought to be caused by a blockage of lipoproteins secretions; impaired synthesis or peroxidation 
of phospholipids, or both (Junnila et al., 2000). Pretreatment of rats with 400 mg/kg bw aqueous extract of 
Ziziphus mauritiana leaf was more effective in protecting rats against necrosis and thrombosis due to chronic 
alcohol ingestion when compared with 200 mg/kg bw aqueous extract of Ziziphus mauritiana leaf. 
Morphological changes in fat accumulation were improved by pretreatment with aqueous extract of Ziziphus 
mauritiana leaf or pretreatment with silymarin. 
Phytochemical compounds present in the aqueous extract of Ziziphus mauritiana leaf with possible 
antioxidant activity are tannins, phenolic compounds and flavonoids. Tannins are known to exert 
antihepatotoxic action (Hikino et al., 1985). The basis for the hepatoprotective action of tannins has been 
attributed to the formation of an impervious polyphenol-protein and /or polysaccharide layer under which the 
natural healing process can occur (Haslem et al., 1988). Polyphenolic compounds have been shown to protect 
various cell types from oxidative stress mediated cell injury (Sasaki et al., 2002). The polyphenolic structures of 
flavonoids partition into the hydrophobic core of the membrane can cause a modulation of lipid fluidity (Arti et 
al., 2000). Flavonoids have been reported to inhibit peroxidation of polyunsaturated fatty acids in cell 
membranes (Faure et al., 1990). These substances, could react with the deeper membrane domains and 
intracellular structures, and protect the cells from oxidant injury (Kaviarasan et al., 2006). 
In conclusion, aqueous extract of Ziziphus mauritiana leaf is effective against oxidative liver damage 
induced by chronic alcohol administration. The protective effect of the extract was possibly achieved through 
radical scavenging of free radicals by antioxidant enzymes. 
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